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BACKGROtnNfD OF THE INVENTION 

1. Field of the Invention 

The invention relates to a vibration damper with variable damping force including 
a cylinder filled with damping medium and a piston fastened to a piston rod arranged in an 
axially movable maimer and dividing the working cylinder into two working spaces, the damping 
force for the directions of rebound and compression being influenced by nonreturn valves acting 
in the respective direction and a damping valve of variable damping action. 

2. Description of the Related Art 

A prior art hydraulic adjustable vibration dampers in which the cylinder filled 
with a damping medium is divided by a damping piston into two working spaces are known, for 
example, from German reference DE 35 18 327 C2. The damping piston includes damping 
valves for the directions of rebound and compression which provide a basic damping of the 
vibration damper. In addition, a bypass connection is arranged between the lower and upper 
working spaces in which a pressure-dependent valve and an adjustable valve, actuated by an 
electromagnet, are provided in series. The adjustable valve provides for the opening and closing 
of the bypass, while the spring-loaded valve allows the damping medium to pass when the 
bypass is open and when a specific basic pressure is reached. These two series-arranged valves 
are respectively active in the rebound and compression stages and operate parallel to the 
damping valves in the actual damping piston. 

A further prior art vibration damper is known from German reference DE 196 24 
895 CI which comprises a cylinder filled with damping medium and in which a piston rod with a 
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piston is configured in an axially movable manner, the piston dividing the cylinder into two 
working spaces and having appropriate valves for the basic damping. Additionally provided in a 
bypass at the outer circumference of the cylinder is a pressure-dependently active damping valve, 
the damping force of which acts on a shut-off valve body against a spring force, by means of an 
5 actuator. This damping valve is arranged hydraulically in series with an inlet valve with its own 
damping action, so that the action of the variable damping valve is superposed with the inlet 
valve. 
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SUMMARY OF THE INVENTION 

The object of the invention is to develop a vibration damper with variable 
damping force in such a way that the rolling characteristics and the comfort of vehicles are 
improved. 

5 To achieve this object, it is provided according to the invention that the damping 

valve is arranged in series with the first and second non-retum valves for both compression and 
rebound directions, respectively, of the vibration damper. 

It is advantageous in the case of this design that, if suitable measures are taken, 
the basic flow resistance of the damping valve is minimized, in order to involve the series- 

10 arranged nonreturn valves in a dominant way in the generation of the soft characteristic. This 
produces a functional unit in which the series-arranged noru:etum valves take a dominant part in 
generating the comfort-relevant soft characteristic appropriate for vehicle requirements, with the 
result that the damping valve then acts only as a force actuator or force controller. The damping 
valve has the effect of applying a force offset to the soft characteristic generated in dominant part 

15 by the nonretum valves and consequently of generating a characteristic diagram with the desired 
requirements. 

According to a further essential feature, it is provided that the damping valve can 
be externally activated. Pneiunatic, hydraulic, electromagnetic, electromotive, piezoelectric and 
further forms of activation are possible, for example. 
20 A further refinement provides that at least one of the nonretum valves is designed 

as a spring lock washer or as a spring-loaded valve disk. It is advantageous in this case that the 
damping-force generating features of these nonretum valves can be designed in the known way 
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of conventional damping valves, for example with constant passages, spring plates etc. and 
consequently a specifically selected damping force adaptation is possible. 

According to an essential design, the damping valve is precontroUable. It is 
advantageously provided in this case that the precontroUable damping valve is actuated by an 
electromagnet. Other forms of activation as described above are likewise possible. 

A further embodiment provides that the nonreturn valves are accommodated 
together v^th their associated valve seats in the piston. 

An embodiment which is simple in production engineering terms provides that the 
nonreturn valves are preassembled with their associated valve seats as a modular unit and are 
fixed in a positively and/or non-positively and/or integrally locked manner in the piston. 

To achieve a compact modular unit, which can be correspondingly preassembled, 
if appropriate, it is provided according to a particularly favorable embodiment that the nonreturn 
valves and the damping valve are arranged in the piston. 

According to an essential feature, it is provided that the nonreturn valves 
communicate with one of the working spaces and the damping valve actuates at least one flow 
connection to the other working space. 

A further refinement provides that the damping valve has a valve body vv4iich is 
precontrolled at least in one direction and directly controlled via an actuator in the opposite 
direction. 

The various features of novelty which characterize the invention are pointed out 
with particularity in the claims annexed to and forming a part of the disclosure. For a better 
understanding of the invention, its operating advantages, and specific objects attained by its use. 
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reference should be had to the drawing and descriptive matter in which there are illustrated and 
described preferred embodiments of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, wherein Hke reference characters denote similar elements 
throughout the several views: 

Fig. 1 is a longitudinal sectional diagram showing a vibration damper according 
to the present invention; 

Fig. 2 is an enlarged, more detailed view of a damping valve together with the 
nonreturn valves arranged hydraulically in series in the vibration damper of Fi£, 1; and 

Figs. 3a and 3b are graphs showing the basic way in which the characteristic 
diagram/characteristics of the vibration damper of Figs. 1 and 2 can be arranged according to the 
invention. 
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DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 

A vibration damper 100 according to an embodiment of the present invention is 
shown in Fig. 1 and comprises a working cylinder 12 with a piston 4 arranged therein. The 
piston 4 divides the working cylinder 12 into an upper working space 7 and a lower working 
space 8 and is connected to a piston rod 1 1 that passes through a sealing/guiding unit 13 at one 
end of the working cylinder 12 to the outside. The vibration damper 100 includes fastening 
elements 20 for fastening the vibration damper 100 between a vehicle body and the chassis 
suspension. An external surface of the piston 4 is sealed with respect to an intemal surface of the 
working cylinder 12 by a sealing element 1 7. 

A damping valve 3 is fastened to the piston rod 1 1 and/or piston 4 v^th first and 
second nonretum valves 1 and 2 as represented in Fig. 2, wherein the piston 4 includes the first 
and second nonretum valves 1 and 2, The first nonretum valve 1 is intended for the 
compression-stage fimction and the second nonretum valve 2 is intended for the rebound-stage 
fimction of the piston 4 in the vibration damper 100. The damping valve 3 may be arranged in 
either the piston 4 or the piston rod 1 1 in series with the first and second nonretum valves 1 and 
2 so that the damping valve 3 is active in both the compression stage and rebound stage of the 
piston 4. A valve body 19 of the piston 4 comprises valve seats 5 and 6 corresponding to the 
first and second nonretum valves 1 and 2, v/bich are also arranged on the valve body 19. 

In Fig. 2, the fastening of the nonretum valves 1 and 2 to the valve body 19 is 
represented, by way of non-limiting example, as a screwed connection 16. Other fastening 
methods may also be used to fasten the first and second non-retum 5, 6 valves and to the valve 
body 19. 
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As represented in Fig. 2, the valve body 19 with nonreturn valves 1 and 2 may be 
accommodated in a positively locked manner in the piston 4. Alternatively, the valve body 19 
may also be accommodated in a non-positively, fiictionally or integrally locked manner. As 
described above and shown in more detail in Fig. 2, the sealing element 17 seals the piston 4 
with respect to an inner surface of the working cylinder 12. 

The damping valve 3 includes a damping valve body 10 that is arranged to work 
with a damping valve seat 18. In the example shown in Fig. 2, the damping valve seat 18 
comprises a conical seat, but other suitable configurations are conceivable. 

The damping valve 3 is externally activatable by an actuator 25, thereby allowing 
the hydraulic force necessary on the valve body 10 for opening the valve, or the hydraulic valve 
resistance, to be changed. 

The flow coimection between the upper working space 7 and the lower working 
space 8 when the damping valve 3 is open, i.e., when the damping valve body 10 is lifted off the 
valve seat 18, is obtained for the rebound stage via the through-opening 9, the through-opening 
14 and the nonretum valve 2 of the valve body 19. For the compression stage, the flow 
coimection between the upper working space 7 and the lower working space 8 is provided via the 
through-opening 15 and the nonretum valve 1 as well as the through-opening 9. 

Figs. 3a and 3b show how the adjustment of the damping valve 3 affects the 
characteristics of the vibration damper 100. Fig, 3a shows the results of a damping valve that is 
adjustable via the actuator in steps. In this embodiment, the vibration damper characteristics 
may be set to any one of the step adjustments. Fig. 3b shows the results of a damping valve that 
is continuously adjustable via the actuator. In this embodiment, the vibration damper 
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characteristic is adjustable to any level within the continuous adjustment range. The comfort- 
relevant soft characteristic in the rebound and compression stages is generated in dominant part 
by means of the features of the first nonretum valve 1 for the compression stage and of the 
second nonretum valve 2 for the rebound stage. The stepped or continuous adjustment of the 
damping valve 3 may be used to apply a compression or force to offset the soft characteristic of 
the first and second nonretum valves 1 and 2, with the result that a family of characteristics or a 
continuous characteristic diagram may be obtained for the rebound-stage and compression-stage 
fimctions. 

It is also possible for the characteristic of the damping valve 3 to be pre-set or pre- 
controUed in one of the rebound or the compression direction and controllable via the actuator in 
the other of the reboxmd or the compression direction. 

The invention is not limited by the embodiments described above which are 
presented as examples only but can be modified in various ways within the scope of protection 
defined by the appended patent claims. 
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